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ABSTRACT: Genetic evaluations provide informa-
tion to aid in breeding decisions that increase long-term 
performance of animals and herds. However, to date no 
study has been undertaken to investigate the accuracy 
of the Irish maternal genetic evaluations in beef cattle. 
The objective, therefore, of this study was to quantify 
the relationship between phenotypic performance and 
measures of genetic merit for predominantly maternal-
related traits in Irish beef cattle. The association between 
animal EBV for calving interval, age at first calving, 
and both direct and maternal weaning weight with the 
respective phenotypic performance was quantified using 
a fixed effects model; the expectation for the regression 
coefficient of phenotypic performance on EBV was one. 
The association between genetic merit for cow surviv-
al, perinatal mortality, calving assistance, and calving 
dystocia with the log of the odds of the respective trait 
was quantified using logistic regression. The associa-
tion analyses were conducted using field data on up to 
38,619 records from 5,236 herds. Age at first calving 
increased linearly by 0.32 ± 0.15 (P = 0.03) days per day 
increase in EBV for age at first calving. Calving interval 
increased by, on average, 0.58 ± 0.16 (P = 0.002) days 
per day increase in EBV for calving interval although 
the association differed by parity with a greater associa-
tion in pluriparae. Weaning weight increased linearly by 
1.74 ± 0.09 and 0.84 ± 0.16 kg (P < 0.001) per kilo-
gram increase in EBV for direct and maternal weaning 
weight, respectively. The log of the odds of a cow sur-
viving to next lactation increased linearly by 0.16 ± 0.03 
(P < 0.001) per unit increase in EBV for cow survival. 
The log of the odds of an assisted calving or dystocia 
both increased linearly by 0.21 ± 0.01 and 0.24 ± 0.01, 
respectively, per unit increase in EBV for direct calving 
difficulty (P < 0.001). The log of the odds of a dead calf 
at birth increased linearly by 0.93 ± 0.13 (P < 0.001) per 
unit increase in EBV for calf mortality. Results from this 
study show that selection of breeding animals for favor-
able maternal genetic attributes will result in favorable 
improvements in performance and profitability.
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INTRODUCTION
Genetic evaluations provide information to aid in 
breeding decisions that increase long-term performance 
of animals and herds. Genetic gain is a function of how 
accurately the genetic evaluations reflect the true breed-
ing value of an animal and how these EBV manifest 
themselves as differences in phenotypic performance. 
Assessment of how genetic evaluations reflect differenc-
es in phenotypic performance can be undertaken using 
controlled experiments of animals divergent for genetic 
merit (Minick et al., 2001; Campion et al., 2009; Cole-
man et al., 2010) or regressing genetic merit on individ-
ual animal (Marshall and Long, 1993; Mee et al., 2008, 
2011) or herd-level (Ramsbottom et al., 2012) pheno-
typic performance using field data. Previous assessments 
of the accuracy of genetic evaluations for terminal and 
maternal traits, either as separate traits (Minick et al., 
2001; Thrift and Thrift, 2006; Campion et al., 2009) or 
as a breeding goal (MacNeil, 2003; Clarke et al., 2009), 
indicate that differences in animal performance reflect 
differences in animal genetic merit. Although previous 
studies have examined the accuracy of beef genetic eval-
uations for maternal milk yield (Diaz et al., 1992; Miller 
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and Wilton, 1999; Brown et al., 2005), to date, however, 
no such study has been undertaken using a combination of 
maternal traits but especially for fertility traits.
Performance statistics of the Irish national beef herd 
clearly show considerable scope for improvement. Irish 
cows on average calve for the first time at approximate-
ly 30 mo of age, with a mean calving interval of 384 d 
(Berry and Evans, 2014), and produce only 0.85 calves 
per year (A. R. Cromie, Irish Cattle Breeding Federation, 
Bandon, Co. Cork, Ireland, personal communication). 
Nevertheless, access to accurate maternal genetic evalu-
ations could aid producers in selecting superior bulls 
and cows for breeding, thereby improving the maternal 
efficiency of the beef sector. The objective of this study, 
therefore, was to quantify the relationship between phe-
notypic performance and measures of genetic merit for 
maternal-related traits in Irish beef cows.
MATERIALS AND METHODS
Phenotypic Data
Phenotypic performance data from Irish beef herds 
recorded between April 2011 and August 2012 were ex-
tracted from the Irish Cattle Breeding Federation (ICBF) 
database; information necessary for the calculation of 
cow survival (discussed later) were extracted from the 
ICBF database between March 2010 and August 2012. 
Information on associated environmental factors (e.g., 
calving dates, herd of calving, cow parity) and animal 
pedigree was also available.
Phenotypic traits considered in the analysis included 
age at first calving, calving interval, survival to the next 
lactation, degree of calving difficulty, perinatal mortality, 
and weaning weight. The data consisted of both cross-
bred (95% of the data) and purebred (5% of the data) 
beef animals. Only beef animals classified as >66% beef 
blood were retained. Aberdeen Angus, Belgian Blue, 
Charolais, Hereford, Limousin, and Simmental breeds 
represented the breed fractions in both the crossbred 
and purebred animals in the dataset. Holstein-Friesian 
bloodlines also existed in most of the crossbred animals 
because of the use of crossbred dairy × beef females as 
commercial beef cows (Berry et al., 2006).
Reproductive Performance and Survival. Calving 
dates from 877,781 calving events were available from 
43,847 beef herds. Age at first calving, calving interval, 
and survival phenotypes were defined as outlined in de-
tail by Berry and Evans (2014). Age at first calving was 
defined as the number of days between birth and first 
calving; only age at first calving records between 660 
and 1,278 d were retained, consistent with the edits per-
formed in the national genetic evaluations (Berry and 
Evans, 2014). Calving interval was defined as the num-
ber of days between 2 consecutive calving events for the 
same cow. Only calving interval records between 300 
and 800 d were retained, consistent with the edits under-
taken in the national genetic evaluations.
Survival to next lactation (binary trait) was defined 
as whether or not a cow survived from lactation i (calved 
between March 2010 to March 2011) to lactation i + 1 
(April 2011 to August 2012). A cow was assumed not to 
have survived if: 1) no calving record existed between 
the April 2011 and August 2012 period or 2) if the cow 
was slaughtered or died on farm within 400 d of calving 
between March 2010 and March 2011.
Only records from parity 1 to 10 cows were retained 
and parity was categorized as 1, 2, 3, 4, and ≥5. For all 3 
traits evaluated, only records from cows with a known sire 
and maternal grandsire were retained; the latter edit resulted 
in discarding a large proportion (57 to 70%) of the data due 
to poor recording of male parentage in commercial animals.
Herd–year–season contemporary groups were gen-
erated for each trait separately using an algorithm de-
scribed by Crump et al. (1997). This algorithm creates 
contemporary groups based on animals from the same 
herd calving in close proximity of time. In this study, an-
imals from the same herd that calved within 10 d of each 
other were grouped together. If the number of records in 
this immediately defined contemporary group was less 
than 8, then this contemporary group was merged with 
an adjacent group if the start date of one group and the 
end date of the other group were within 182 d of each 
other. For age at first calving the contemporary group 
was defined as herd–year–season of service as a nullipa-
rae and was based on the herd of service where the heifer 
resided 9 mo before calving. Only heifers remaining in 
the same herd from 9 to 15 mo before first calving were 
included in the analysis. For calving interval and sur-
vival the contemporary group was defined as herd–year–
season of calving. For survival, to avoid quasi-complete 
separation of the data in the subsequent analysis, only 
contemporary groups with variation were retained. For 
all traits, only contemporary groups with at least 5 re-
cords were retained consistent with the edit applied in 
the national genetic evaluations of these traits.
Following all edits 7,981 records for age at first 
calving, 43,067 records (38,619 cows) for calving inter-
val, and 5,582 records for survival remained (Table 1).
Calving Performance. Calving difficulty in Irish beef 
and dairy cows is subjectively scored by producers on a 
scale of 1 to 4 as no assistance/unobserved, slight assis-
tance, severe assistance, or veterinary assistance. In the 
present study, calving difficulty scores were dichotomized 
into 2 binary traits: 1) calving assistance and 2) calving 
dystocia. Calving assistance was defined as cows that re-
quired any assistance (slight, severe, or veterinary assis-
tance = 1); cows that calved unobserved or required no as-
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sistance were coded separately (assistance = 0). Calving 
dystocia was defined as cows requiring severe assistance 
or veterinary assistance (dystocia = 1); cows that were re-
corded with no assistance/unobserved or slight assistance 
were coded separately (dystocia = 0). In Ireland, perinatal 
mortality is defined as a calf dead at birth or within 24 h 
of birth (mortality = 1); calvings where no mortality was 
recorded were coded separately (mortality = 0).
For all calving performance traits (i.e., dystocia, assis-
tance, and perinatal mortality), only singleton calves with 
a known sire, dam, and maternal grandsire were retained 
for analysis. Records for calving dystocia and assistance 
where the maternal grandsire of the dam (i.e., the calf’s 
great maternal grandsire) was unknown were also omitted 
from the analysis. Only parity 1 to 10 dams were retained 
and parity number was categorized as 1, 2, 3, 4, and ≥5.
Contemporary group for the calving performance 
traits was defined as herd–year–season of calving sepa-
rately for each trait using the algorithm described pre-
viously. Only contemporary groups with at least 1 re-
corded incidence of calving assistance, dystocia, or calf 
mortality were retained for the analysis of that trait. Con-
temporary groups with less than 5 records were omitted. 
Following all edits, 25,967 calving events with calving 
assistance information, 12,770 calving events with re-
corded dystocia information, and 19,547 calving events 
with perinatal mortality information remained (Table 1); 
the difference in number of records for calving assis-
tance versus calving dystocia was due to the restriction 
of at least 1 incidence of the trait under investigation to 
exist within the contemporary group.
Weaning Weight. A total of 160,062 weaning weight 
records on 150,894 animals from 19,054 herds were 
available. Weanlings were defined as male and female 
cattle aged between 6 and 12 mo at the time of weigh-
ing. Only singleton weanlings weighing between 150 
and 600 kg were retained. Only the first record in time 
per weanling was retained. Weight records from wean-
lings with no known dam, sire, or maternal grandsire 
were discarded. A large proportion (57%) of weanlings 
was omitted from the data due to poor recording of male 
parentage in commercial animals. For weaning weight, 
contemporary groups of herd–year–season of weigh-
ing were generated using the algorithm previously de-
scribed. Similar to the national genetic evaluation edits, 
only contemporary groups with at least 5 records were 
retained. Following all edits 10,878 weaning weight re-
cords remained (Table 1).
Genetic Information
Predicted transmitting ability (PTA) records for all 
male animals from the March 2011 Irish domestic ge-
netic evaluations were available. Therefore, phenotypic 
information used to validate the genetic information in 
the present study did not contribute to the genetic evalu-
ations and therefore no environmental covariance ex-
isted between the 2 data sources. Predicted transmitting 
ability for the traits used in the analysis included age at 
first calving, calving interval, cow survival, direct and 
maternal calving difficulty, direct perinatal mortality 
(PTA for maternal perinatal mortality are not estimated), 
and direct and maternal weaning weight.
The ICBF, responsible for the national beef genetic 
evaluations in Ireland, undertakes 6 routine evaluations 
3 times a year (i.e., April, August, and December) for 
each of the suites of traits: calving performance, beef 
performance, live-animal linear scores, docility, milk-
ability, and cow fertility. The evaluations are based on 
a multibreed population and are undertaken in MIX99 
(Lidauer et al., 2011). Multitrait genetic evaluations are 
undertaken within each suite of traits (i.e., genetic evalu-
ations for age at first calving, calving interval, and sur-
vival are undertaken in a single multitrait animal model 
genetic evaluation). The majority of Irish suckler cows 
are crossbred and hence all evaluations adjust for the 
heterosis and recombination loss coefficient of the ani-
mal. There is a substantial level of transfer of genetic 
material between Irish dairy and beef herds where pedi-
gree beef natural mating bulls are frequently used as nat-
ural service sires in dairy herds. Additionally, commer-
cial beef dams originate as beef sired females from dairy 
herds (Berry et al., 2006). Therefore, genetic evaluations 
for calving and carcass performance traits use both beef 
and dairy herd data. Further details on the ICBF genetic 
evaluations are in Evans et al. (2007, 2008, 2009). Trait 
Table 1. Number of animals, contemporary groups (CG), herds, dams, sires, and maternal grandsires (MGS) file for each trait
Trait No. of animals No. of CG herd–year–season No. of herds No. of dams No. of sires No. of MGS
Age at first calving 7,981 1,106 982 7,635 2,123 2,755
Calving interval 38,619 5,236 3,738 31,893 7,959 6,570
Survival 5,582 678 665 5,093 2,081 2,104
Calving assistance 25,967 2,911 2,397 25,967 3,741 6,059
Calving dystocia 12,770 1,383 1,217 12,770 2,093 3,472
Calf mortality 19,547 1,800 1,597 19,547 2,615 5,659
Weaning weight 10,878 1,000 817 10,878 1,497 2,806
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heritability estimates used in the national genetic evalu-
ations are in Table 2.
For the 3 cow fertility traits (age at first calving, calving 
interval, and survival), the EBV of each cow was defined 
as the sum of the sire PTA and one-half the maternal grand-
sire PTA. Similarly for direct calving difficulty, perinatal 
mortality, and direct weaning weight, the EBV of each calf 
was estimated as the sum of the respective sire PTA plus 
one-half the maternal grandsire PTA. For maternal calving 
difficulty the EBV of the dam (i.e., maternal effect) was 
calculated as the sum of the dam’s sire PTA plus one-half 
the dam’s maternal grandsire PTA. Due to low levels of 
ancestry recording in the dams of animals with weaning 
weight records, the EBV of the dam for maternal weaning 
weight was calculated as the dam’s sire PTA only.
Heterosis and recombination loss coefficients for each 
animal (and dam for maternal effects) were calculated as
1
1 sire dam
n
i i
i=
- ´å  and ( )2 2
1
1 sire dam / 2
n
i i
i=
- +å , 
respectively,
in which sirei and dami are the proportion of breed i in 
the sire and dam, respectively.
Data Analysis
Multiple regression models for each trait were cre-
ated using forward–backward regression where P = 0.05 
was used as the threshold significance levels for entry 
and exit of variables from the model; the exception was 
the independent variable of genetic merit for the trait 
under investigation, which was always forced into the 
models. All estimates of genetic merit were included in 
the models as continuous variables. Biologically plau-
sible interactions were also tested for significance while 
simultaneously ensuring that no problems of quasi-com-
plete separation of the data existed for the binary traits.
The association between cow EBV for either calving 
interval or age at first calving and the respective pheno-
typic performance was quantified using a fixed effects 
model in PROC GLM (SAS Inst. Inc., Cary, NC) as
Y = CG + Heterosis + Recombination + Parity + EBV + e,
in which Y is the calving interval or age at first calving 
observation, CG was the fixed effect of contemporary 
group, Heterosis was the fixed effect for the heterosis 
coefficient of the cow, Recombination was the fixed 
effect of the recombination loss coefficient of the cow, 
Parity was the fixed effect of cow parity (only included 
when calving interval was the dependent variable), EBV 
was the fixed effect of EBV for the dependent variable 
under investigation, and e was the residual effect (N(0,I
2
es )).
The log of the odds of a cow surviving to next lac-
tation was modeled using logistic regression in PROC 
GENMOD (SAS Inst. Inc., Cary, NC) while accounting 
for the binomial distribution of the errors as
Logit{P(Y = 1|X)} = CG + Heterosis +  
 Recombination + Parity + EBV + e,
in which Logit{P(Y = 1|X)} is the log of the odds of a posi-
tive outcome (i.e., the cow surviving) given the indepen-
dent variables, CG was the fixed effect of contemporary 
group, Heterosis was the fixed effect for the heterosis coef-
ficient of the cow, Recombination was the fixed effect of 
the recombination loss coefficient of the cow, Parity was 
the fixed effect of cow parity, EBV was the fixed effect of 
EBV for cow survival, and e was the residual effect.
The log of the odds of a calving assistance and a 
calving dystocia event was modeled using logistic re-
gression in PROC GENMOD (SAS Inst. Inc., Cary, NC) 
assuming a binomial distribution of the errors as
Logit{P(Y = 1|X)} = CG + HeterosisCALF +  
RecombinationCALF + Sex + Parity + Heterosis-
DAM + RecombinationDAM + EBVDIRECT + EBV-
MATERNAL + e,
in which Logit{P(Y = 1|X)} is the log of the odds of a posi-
tive outcome given the independent variables, CG was the 
fixed effect of contemporary group, HeterosisCALF was 
Table 2. Phenotypic, heritability estimates used in the national genetic evaluations, and EBV (direct and maternal) 
mean (μ), SD, and range for each trait
 
 
Trait
 
Phenotypic
 
Heritability
EBV
Direct Maternal
μ SD Range Direct Maternal μ SD Range μ SD Range
Age at first calving, d 950 152 660 to 1,278 0.31 – –4.29 12.00 –75.78 to 29.68 – – –
Calving interval, d 379 58 300 to 799 0.02 – –1.23 2.35 –9.36 to 7.37 – – –
Survival, % 78 0.41 0 to 1 0.02 – –0.29 0.98 –3.10 to 3.61 – – –
Calving assistance, % 31 0.46 0 to 1 0.10 0.02 5.16 2.48 0.58 to 20.58 5.18 1.35 1.33 to 16.34
Calving dystocia, % 18 0.38 0 to 1 0.10 0.02 5.36 2.54 0.62 to 20.58 5.16 1.41 1.33 to 16.34
Calf mortality, % 11 0.23 0 to 1 0.04 – 0.43 0.27 –0.97 to 1.98 – – –
Weaning weight, kg 341 70 152 to 598 0.26 3.54 6.74 –15.69 to 27.89 0.78 3.69 –12.73 to 15.73
Validation of genetic evaluations 1427
the fixed effect for the heterosis coefficient of the calf, Re-
combinationCALF was the fixed effect of the recombina-
tion loss coefficient of the calf, Sex was the fixed effect of 
calf sex, Parity was the fixed effect of dam parity, Hetero-
sisDAM was the fixed effect for the heterosis coefficient of 
the dam, RecombinationDAM was the fixed effect of the 
recombination loss coefficient of the dam, EBVDIRECT 
was the fixed effect of EBV for direct calving difficulty 
and EBVMATERNAL was the fixed effect of EBV for ma-
ternal calving difficulty, and e was the residual effect.
The log of the odds of perinatal mortality was also 
modeled using logistic regression in PROC GENMOD 
(SAS Inst. Inc., Cary, NC):
Logit{P(Y = 1|X)} = CG + Heterosis +  
Recombination + Sex + Parity + EBV + e,
in which Logit{P(Y = 1|X)} is the log of the odds of a 
positive outcome given the independent variables, CG 
was the fixed effect of contemporary group, Heterosis 
was the fixed effect for the heterosis coefficient of the calf, 
Recombination was the fixed effect of the recombination 
loss coefficient of the calf, Sex was the fixed effect of calf 
sex, Parity was the fixed effect of dam parity, EBV was 
the fixed effect of EBV for calf perinatal mortality, and e 
was the residual effect. The heterosis and recombination 
loss coefficient of the dam was not associated with perina-
tal mortality and was therefore not included in the model.
The association between genetic merit for direct 
and maternal weaning weight with phenotypic wean-
ing weight was estimated using a fixed effect model in 
PROC GLM (SAS Inst. Inc., Cary, NC) as
Y = CG + Heterosis + Recombination +Age ×  
Sex + Parity + EBVDIRECT + EBVMATERNAL + e,
in which Y is the weaning weight observation, CG was 
the fixed effect of contemporary group, Heterosis was 
the fixed effect for the heterosis coefficient of the calf, 
Recombination was the fixed effect of the recombination 
loss coefficient of the calf, Age × Sex was the interac-
tion between calf age and calf sex, Parity was the fixed 
effect of dam parity, EBVDIRECT was the fixed effect of 
EBV for direct weaning weight and EBVMATERNAL was 
the fixed effect of EBV for maternal weaning weight, 
and e was the residual effect (N(0,I 2se )). The heterosis 
and recombination loss coefficient of the dam was not 
associated with weaning weight and was therefore not 
included in the model.
For the binary traits the probability of the event oc-
curring (i.e., cow surviving to next parity, calving as-
sistance, calving dystocia, or calf mortality) per unit 
increase in the corresponding EBV was estimated using 
the results from the multiple regression analysis as
( )
1
1
1
a b
m
i i
i
P X
e
X
=
−  +  
 ∑=  + −  ,
in which α is the predicted intercept of the multiple re-
gression model, β is the predicted regression coefficient 
for independent variable i, and Xi is the associated de-
sign matrix for variable i. Odds ratios were calculated as 
the exponent of the model solutions.
RESULTS
The majority (i.e., 53%) of calvings occurred in the 
spring-calving months of January to April, with a further 
18% of calvings occurring during the autumn and winter 
months of September to December. The breed composi-
tion of the animals varied across the different datasets but, 
on average, more than half the animals were entirely made 
up of beef bloodlines. On average, dairy breeds (Holstein 
and Friesian mainly) accounted for approximately 20% of 
the breed fraction. The most common breeds were Limou-
sin, Charolais, Simmental, Holstein, Aberdeen Angus, and 
Hereford. Average age at first calving was 950 (SD = 152) 
days; the median and interquartile range was 969 and 270 
d, respectively (Table 2). The average calving interval was 
379 (SD = 58) days; the median and interquartile range was 
365 and 49 d, respectively (Table 2). On average, 78% of 
cows survived to next lactation (Table 2). The prevalence 
of calving assistance and dystocia across all cow parities 
was 31 and 18%, respectively; this should not, however, 
be assumed to represent national statistics because an edit 
was applied so that each contemporary group contained 
some incidence of assistance or dystocia in calving per-
formance trait under investigation. The prevalence of 
perinatal mortality was 11%; however, similar to calving 
traits, to avoid quasi-complete separation of the data, only 
contemporary groups with some perinatal mortality were 
retained and therefore this should not be taken to repre-
sent national statistics. Before this edit the prevalence of 
calving assistance, calving dystocia, and perinatal mortal-
ity was 22.98, 5.93, and 5.48%, respectively. The average 
weight at weaning was 341 (SD = 70) kg and animals were 
weaned, on average, at 252 d of age (Table 2). The average 
reliability of the sire’s PTA ranged from 37 (calf mortality) 
to 73% (direct weaning weight).
Calving Assistance and Dystocia
Males calves were 2.23 times (P < 0.001) more likely 
to require assistance at birth and 2.50 times (P < 0.001) 
more likely to experience calving dystocia at birth com-
pared to female calves (Table 3). Calving assistance and 
dystocia was 2.93 times (P < 0.001) and 3.55 times (P < 
0.001), respectively, more likely to occur in first parity 
dams compared to fifth parity dams (Table 3).
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The log of the odds of an assisted calving increased 
linearly by 0.21 ± 0.01 (P < 0.001) per unit increase in EBV 
for direct calving difficulty (Table 4). The association be-
tween EBV for direct calving difficulty and the likelihood 
of an assisted calving differed (P < 0.001) by cow parity, 
with a greater association in younger dams (Table 5). The 
log of the odds of an assisted calving increased linearly by 
0.14 ± 0.02 per unit increase in EBV for maternal calving 
difficulty (Table 4) but did not differ by dam parity. In this 
study a weak to moderate negative correlation (–0.20) ex-
isted between the EBV for direct and maternal calving dys-
tocia, signifying that genetically easier calving bulls were 
used on cows that were prone to difficult calving.
The log of the odds of a dystocia increased linearly by 
0.24 ± 0.01 (P < 0.001) per unit increase in EBV for direct 
calving difficulty (Table 4) but the association differed (P = 
0.005) by dam parity with the strength of the association 
weakening as parity increased (Table 5). The log of the 
odds for calving dystocia increased by 0.17 ± 0.02 (P < 
0.001) per unit increase in EBV for maternal calving dif-
ficulty (Table 4) and was consistent across dam parities.
The predicted probability of assisted calving or calv-
ing dystocia for a calf 1 genetic merit SD worse than the 
mean for direct calving difficulty, born to a first parity 
dam, was 40 and 38 percentage units (% units) greater, 
respectively, compared to a calf 1 genetic merit SD bet-
ter than the mean for calving difficulty. For a mature cow 
(i.e., ≥5 parity) the predicted probability of assisted calv-
ing or calving dystocia was 14 and 10 % units greater, 
respectively, for a calf with 1 genetic merit SD worse than 
the mean compared to a calf with 1 genetic merit SD bet-
ter than the mean.
Perinatal Mortality
Males calves were 1.59 times (P < 0.001) more 
likely to be dead at birth compared to female calves 
(Table 3). First parity dams were 1.42 times (P < 0.001) 
more likely to have a dead calf compared to dams of par-
ity 5 or greater (Table 3).
The log of the odds of a dead calf at birth increased 
linearly by 0.93 ± 0.13 (P < 0.001) per unit increase in EBV 
for calf mortality (Table 4). A calf 1 genetic merit SD better 
than the mean for mortality had a 7.4 % unit lower pre-
dicted probability of being born dead compared to the same 
calf 1 genetic merit SD worse than the mean for mortality.
When calving difficulty score was included as a 
fixed effect in the model, the log of the odds of a dead 
calf at birth increased by 0.47 ± 0.16 (P = 0.003) per 
unit increase in EBV for calf mortality indicating that 
the EBV for calf mortality is accounting for more than 
calf mortality attributable to a difficult calving.
Reproductive Performance and Survival
Age at first calving increased linearly by 0.32 ± 0.15 
(P = 0.03) days per day increase in EBV for age at first 
calving (Table 4). However, if the dataset was reduced 
to spring calving herds only (i.e., 70% of cows calving 
between first January and first June; n = 3,922), age at 
first calving increased by 0.60 ± 0.21 d (P = 0.004) per 
unit increase in EBV for age at first calving.
First parity cows were 3.08 times (95% confidence 
interval: 2.75 to 3.45; P < 0.001) more likely to survive 
to the subsequent lactation compared to cows of parity 5 
or greater. The log of the odds of a cow surviving to next 
lactation increased linearly by 0.16 ± 0.03 (P < 0.001) per 
unit increase in EBV for cow survival (Table 4). A cow 1 
genetic merit SD better than the mean for survival had a 
3.2 % units greater predicted probability of surviving to 
the next lactation compared to the similar cow 1 genetic 
Table 3. Gender and dam parity odds ratios (upper and 
lower confidence intervals in parenthesis) for calving 
assistance, dystocia, and calf mortality
Trait Level1 Calving assistance Calving dystocia Calf mortality
Gender Male 2.23 (2.09, 2.39) 2.50 (2.23, 2.80) 1.59 (1.44, 1.75)
Parity 1 2.93 (2.65, 3.24) 3.55 (2.98, 4.23) 1.42 (1.22, 1.65)
2 1.32 (1.18, 1.47) 1.55 (1.28, 1.87) 1.22 (1.03, 1.43)
3 1.12 (0.99, 1.26) 1.38 (1.12, 1.71) 1.06 (0.87, 1.29)
4 1.04 (0.91,1.19) 1.14 (0.91, 1.44) 1.10 (0.89, 1.36)
1Female was the reference category for gender and parity 5+ was the refer-
ence category for dam parity.. 
Table 4. Regression coefficient (b; SE in parenthesis) 
of phenotypic performance on trait EBV as well as the 
associated P-value1
Trait b (SE) P-value
Age at first calving 0.32 (0.15) 0.03
Calving interval2 0.58 (0.16) 0.002
Survival 0.16 (0.03) <0.001
Calving assistance3
Direct 0.21 (0.01) <0.001
Maternal 0.14 (0.02) <0.001
Calving dystocia3
Direct 0.24 (0.01) <0.001
Maternal 0.17 (0.02) <0.001
Calf mortality 0.93 (0.13) <0.001
Weaning weight
Direct 1.75 (0.09) <0.001
Maternal 0.84 (0.16) <0.001
1Regression coefficients for survival, calving assistance, calving dystocia, 
and calf mortality are on the logit scale.
2The association between EBV for calving interval and phenotypic calving 
interval differed by cow parity (results shown in Table 6); the main effect from 
the multiple regression model without the interaction term is shown here.
3The association between EBV for direct calving difficulty and the likeli-
hood of calving assistance or calving dystocia differed by dam parity (result 
shown in Table 5); the main effect from the multiple regression model without 
the interaction term is shown here.
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merit SD worse than the mean for survival. When EBV 
for survival in the model was substituted with EBV for 
calving interval the log of the odds for cow survival de-
creased by –0.03 ± 0.01 (P = 0.0006) per unit increase in 
EBV for calving interval, implying that genetic selection 
for improved fertility also improved survival.
Calving interval increased by, on average, 0.58 ± 0.16 
(P = 0.002) days per day increase in EBV for calving inter-
val (Table 4). However, the association between EBV for 
calving interval and phenotypic calving interval differed 
by parity with a greater effect in pluriparae (Table 6); mean 
calving interval also differed by parity (Table 6). When the 
dataset was reduced to spring calving herds only (i.e., 70% 
of cows calving between first January and first June; n = 
20,050), phenotypic calving interval increased by 0.51 ± 
0.21 d (P < 0.001) per increase in EBV for calving inter-
val. The association between EBV for calving interval and 
phenotypic calving interval for spring calving herds also 
differed by parity (P < 0.001; Table 6).
Weaning Weight
The association between age at weaning and wean-
ing weight differed by gender (P < 0.001), with males 
growing faster (1.06 ± 0.01 per day of age) than females 
(0.89 ± 0.01 per day of age). Phenotypic weaning weight 
increased linearly, on average, by 1.75 ± 0.09 kg per kg 
increase in EBV for direct weaning weight (P < 0.001) 
and did not differ by dam parity. Weaning weight in-
creased by 0.84 ± 0.16 kg per kg increase in EBV for 
maternal weaning weight (P < 0.001; Table 4) and did 
not differ by dam parity. A negative correlation (–0.18) 
existed between EBV for direct weaning weight and 
EBV for maternal weaning weight.
DISCUSSION
Genetic variation is known to contribute significant-
ly to phenotypic differences among individuals across a 
range of traits. The relative contribution of additive ge-
netic variation to differences in phenotypic performance, 
coupled with knowledge of systematic environmental ef-
fects and relationships among animals, is used in the ge-
netic evaluation process to estimate the genetic merit (i.e., 
EBV) of individuals from the available phenotypic perfor-
mance data. These EBV are used by producers to identify 
the genetically elite animals as candidates for subsequent 
generations. Therefore, the accuracy of these evaluations 
is fundamental to realizing the benefits of using such infor-
mation in breeding decisions. Skepticism among produc-
ers sometimes exists on the accuracy of these evaluations 
in commercial production systems. This is particularly true 
for maternal characteristics. Results from this study show 
that selection for favorable genetic attributes will result in 
favorable improvements in performance.
Population Statistics and Nongenetic Effects
Irish beef production systems are seasonal to maxi-
mize the exploitation of the lower cost grazed grass in 
the diet. The majority (i.e., 67%) of cows calve in the 
months of February to May (Berry and Evans, 2014) co-
inciding with the initiation of grass growth. Calves are 
weaned some 8 mo later coinciding with the decline in 
grass growth rates; 54% of Irish weanling animals are 
sold between mid August and mid October (McHugh 
et al., 2010). Therefore, excellent reproductive perfor-
mance in the beef cow, in combination with good calf 
growth, is paramount to a profitable beef grazing pro-
duction system. Such systems therefore require cows to 
calve for the first time at approximately 24 mo of age, 
have a calving interval of 365 d, produce sufficient yield 
of milk, and survive for a long time in the herd. The 
mean cow performance of the population in this study, 
consistent with that observed in an analysis of a larger 
dataset of Irish beef cows (Berry and Evans, 2014), was 
suboptimum, substantiating the necessity to improve the 
genetic merit of the cows (simultaneous with improved 
management). Improved genetic merit for reproductive 
performance of cows provides a greater opportunity for 
producers to calve cows earlier in the season maximizing 
the quantity of grazed grass in the diet but also obtain-
ing greater weaning weights at the time of sale, thereby 
increasing profitability. Furthermore, improved genetic 
Table 5. The association between EBV for direct calving dif-
ficulty and the log of the odds (SE in parenthesis) for calving 
assistance and calving dystocia in different dam parities
Dam parity Calving assistance Calving dystocia
1 0.33 (0.01) 0.35 (0.02)
2 0.16 (0.01) 0.22 (0.02)
3 0.16 (0.01) 0.21 (0.02)
4 0.16 (0.01) 0.17 (0.02)
5+ 0.16 (0.01) 0.15 (0.02)
Table 6. Phenotypic mean and SD as well as regression 
coefficient (b; SE in parenthesis) of phenotypic calving 
interval performance on calving interval EBV in differ-
ent parities in 1) all herds or 2) spring calving herds only
Cow 
parity
All herds Spring calving herd
Mean SD b (SE) Mean SD b (SE)
1 391 65 –0.05 (0.25) 383 60 –0.40 (0.33)
2 377 58 0.89 (0.26) 370 51 0.71 (0.33)
3 374 55 1.36 (0.27) 369 50 1.73 (0.35)
4 372 53 1.37 (0.30) 367 46 1.57 (0.38)
5+ 374 53 1.05 (0.23) 369 46 0.77 (0.30)
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merit for survival reduces the replacement rate required 
thereby increasing profit but, also, weanling animals 
from older mature cows are more valuable (McHugh et 
al., 2010), some of which is due to greater weaning live 
weight (McHugh et al., 2010), most likely due to greater 
milk yields in older animals (Elzo et al., 1987; Holland 
and Odde, 1992). This is further compounded by the 
ability to use more muscular and better conformed bulls 
on older mature cows, which are less prone to calving 
difficulty as observed in the present study after account-
ing for the genetic merit of the mating bull used. Al-
though management has a large influence on phenotypic 
performance, having superior genetic merit for mater-
nal traits, at least, provides a good foundation on which 
management can influence the eventual phenotype.
The greater calving assistance or dystocia for male 
calves has been documented many times previously in 
both beef and dairy cows (Meijering, 1984; Berry et al., 
2007; Lombard et al., 2007) including in Irish dairy cows 
(Mee et al., 2011). Similarly, greater perinatal mortality 
in male calves has been reported for Irish cattle popula-
tions (Mee et al., 2008) and elsewhere (Steinbock et al., 
2003; Eriksson et al., 2004; Heins et al., 2006). The in-
creased risk of calving difficulty or perinatal mortality in 
primiparae has been well established in cattle (Steinbock 
et al., 2003; Berry et al., 2007; Mee et al., 2008).
Association between Estimated  
Genetic Merit and Performance
The measures of genetic merit used in this study were 
EBV equivalents. Therefore, a 1 unit change in EBV is 
expected to result in, on average, a 1 unit change in phe-
notypic performance where the unit of measurement is the 
same. Genetic evaluations for cow survival and calving 
performance are undertaken using a linear mixed model 
so the expected absolute relationship with the log of the 
odds is more complicated than a one-to-one relationship. 
A 1 unit difference in cow survival means a 1 % unit dif-
ference in survival from one lactation to the next; similar-
ly, for calving difficulty, a 1 unit difference is equivalent 
to a 1 % unit difference in calving difficulty.
Across all traits, the direction of the associations be-
tween phenotype and EBV concurred with expectations 
although the incremental change in the phenotype per 
unit change in EBV was not always as large as expected. 
This was particularly true for the low heritability trait of 
calving interval; heritability of calving interval in Irish 
beef cows is 0.02 (Berry and Evans, 2014). Low heri-
tability means that a small proportion of the variation 
among animals is due to measurable additive genetic 
effects (i.e., EBV) with the remaining variation attrib-
utable to nonadditive genetic effects, systematic envi-
ronmental effects (e.g., herd management), permanent 
environmental effects, and residual effects, among oth-
ers. Interestingly, for calving interval, parity of the dam 
had a large influence on the strength of the relationship 
between the EBV and the phenotypic performance. With 
the exception of the first parity cows, a 1 unit change in 
EBV for calving interval resulted in, approximately, a 
1 unit change (i.e., the theoretical expectation) in pheno-
typic performance. It is a common practice on Irish beef 
farms to manage first parity cows differently to older 
parity cows; heifers are commonly bred earlier than the 
main herd and therefore calve earlier. However, subse-
quent mating of the first parity cows coincides with the 
mating of older parity cows, hence increasing the calving 
interval of first parity cows (391 d in the present study) 
compared to older parity cows (372 to 377 d in the pres-
ent study). The weak association between genetic merit 
and phenotypic performance for calving interval in first 
parity cows may be partly explained by the management 
practices of first parity cows on Irish beef farms and 
the inability of genetic differences among individuals 
for calving interval to be fully exploited. Nonetheless, 
what the present study clearly does show, in older cows 
at least, is that considerable improvements in fertility 
performance can be achieved through improving herd 
genetic merit, even for this low heritability trait.
Age at first calving is highly heritable (Berry and 
Evans, 2014) and a 1 d difference in EBV for age at first 
calving was only associated with a 0.32 d phenotypic 
difference. This is likely in part to be influenced by the 
seasonal calving system in Ireland. If a heifer is not bred 
in time to calve at 2 yr of age within the calving season, 
then she is generally not bred until the following breed-
ing season. Furthermore, many Irish producers make a 
conscious decision a priori to calve all heifers at 3 yr of 
age rather than 2 yr of age also reducing the strength 
of the relationship; a similar trend in the management 
of Irish dairy heifers for age at first calving has been 
reported previously (Berry and Cromie, 2009).
Predicted probabilities calculated for the binary 
traits (calving assistance, calving dystocia, calf mortal-
ity, and cow survival) in the present study were based on 
the comparison of animal’s divergent in genetic merit 
for a given trait. A difference in EBV for calf mortal-
ity of 5 units (i.e., difference between ±1 EBV SD from 
the mean EBV) manifested itself as a difference in pre-
dicted probability of 7.4 % units. A difference in 2 % 
units in cow survival (i.e., difference between ±1 EBV 
SD from the mean EBV) was associated with a 3.2 % 
unit difference in predicted probability of survival. For 
calving assistance and dystocia for first parity cows a 
difference in 5 % units (i.e., difference between ±1 EBV 
SD from the mean EBV) corresponded to a difference 
in the predicted probability of 40 and 38%, respective-
ly. The strong interaction between parity and EBV for 
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calving difficulty may explain some of the differences 
since when the predicted probabilities were calculated 
from mature cows (i.e., parity 5 or greater), the predicted 
probabilities were more in line with the expected differ-
ences based on the published EBV. Nonetheless, these 
results do highlight that considerable improvements can 
be achieved by choosing the appropriate parents of the 
next generation; results presented here are not based on 
the comparison of animals extreme for genetic merit so 
they are therefore relatively easily achievable.
Calving difficulty and calf mortality are influenced by 
similar environmental factors and both traits are strong-
ly interrelated in both beef and dairy cattle (Meijering, 
1984; Gregory et al., 1991; Eriksson et al., 2004). Previ-
ous studies have shown that more than half of stillborn 
calves did not experience any calving difficulty (Berger 
et al., 1992; Steinbock et al., 2003; Eriksson et al., 2004); 
when calving difficulty was included as a fixed effect in 
the calf mortality multiple regression model in the present 
study, the regression coefficient on EBV for calf mortal-
ity decreased by approximately 50% of its original value 
thereby indicating that EBV for calf mortality is still asso-
ciated with calf mortality independent of calving dystocia. 
Estimated breeding value for calf mortality is estimated in 
the national genetic evaluations using a univariate model 
that does not include calving difficulty.
Estimated genetic merit for direct calving difficulty 
is the additive genetic merit of the calf itself, which influ-
ences its birth and includes animal characteristics such 
as the body size and shape of the calf. Estimated genetic 
merit for maternal calving difficulty is the additive ge-
netic merit of the dam, which influences the birthing pro-
cess and may include characteristics such as dam pelvic 
width. Similarly, direct weaning weight represents the 
additive genetic merit of the calf to achieve a good wean-
ing weight (i.e., growth rate), while the maternal weaning 
weight represents the additive genetic merit of the dam 
to facilitate the calf in achieving a good weaning weight; 
maternal weaning weight is generally thought to reflect 
the milk yield of the cow. Minogue et al. (2013) docu-
mented a moderate to strong correlation (0.56) between 
maternal weaning weight and measured milk yield in 105 
first parity beef cows on an Irish research herd. In Ireland, 
both direct and maternal genetic effects are estimated si-
multaneously in the genetic evaluation process. What is 
clear from the present study is that both phenomena have 
an additive effect on the resulting phenotype of the calf. 
Weaning weight increased by 1.75 kg per unit increase in 
EBV for direct weaning weight and a further 0.84 kg per 
unit increase in EBV for maternal weaning weight. Simi-
larly, the log of the odds of dystocia increased by 0.24 
and 0.17 per unit increase in direct and maternal calv-
ing difficulty, respectively. Considerable gains, therefore, 
in both weaning weight and calving performance can be 
achieved if terminal sires with good genetic merit for the 
direct traits are mated to cows with good genetic merit 
for both the direct and maternal traits. It is important to 
remember that half of the direct effects of a calf originate 
from the dam so therefore the dam must excel in both 
direct and maternal characteristics.
The lower heritability for the maternal component 
for weaning weight and the calving traits (Table 2), cou-
pled with the longer time horizon to obtain phenotypes 
on progeny of bulls, means that obtaining more accurate 
estimates of genetic merit for maternal effects will be 
more demanding. Negative covariances have also been 
documented to exist between direct and maternal com-
ponents (Meyer, 1997; Bennett and Gregory, 2001; Er-
iksson et al., 2004), implying animals excelling in both 
characteristics can be difficult to acquire thereby further 
compounding the difficulty in achieving genetic gain in 
maternal traits. This study nevertheless shows the ben-
efit of putting effort in achieving genetic gain in such 
maternal traits to increase herd performance; increased 
accuracy of selection will be best achieved through a 
well-structured breeding scheme design.
Calving difficulty has been shown to be influenced by 
different factors in first versus later parity cows (Eriksson 
et al., 2004). For heifers, the critical factor in determining 
calving difficulty is calf size to pelvic size ratio, whereas 
for older cows, factors such as malpresentation of the calf, 
weak labor, and insufficient dilatation of the cervix are 
more likely to lead to calving difficulty (Meijering, 1984). 
Such factors may provide a biological explanation for the 
significant interactions between dam parity number and 
the EBV for calving difficulty that were obtained in the 
present study for both calving assistance and dystocia.
In conclusion, results from this study clearly show that 
genetic selection for improved maternal performance will 
materialize in improvements in phenotypic performance, 
despite the low heritability of many of the maternal traits. 
Therefore, a breeding policy to improve maternal perfor-
mance should constitute an integral part of any strategy de-
signed to increase herd profitability within the beef sector.
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